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A bstr a ct: Fo rthe v alidatio n ofthe s atellitede riv ed s u rfa c ete mpe ratu re, the v alidatio n
sche m eis m ade. T he s che m e c o ntain sthe gro u nd m e a s u r em nt m ethod a nd the data
pr o 亡e SS[ ng m eth()d. Fo rthe gr o u nd m e a s u r e m e nt m ethod e stablishm e nt. e oTL ea V e mirr o r
equlPPed wide
-1F O Va nd s eJfL < O mPe n S ated the r m o radio m ete ris de signed, To get the
a re a- a v eraged s u rfa cete mper atu r efro mthe gro u nd m e a s u r e m e nt data..
the I;rn c shift
pro c essFng Ofthe me as ured te mperatu re at the individu altim e a nd the a r e al a v er aglhg
rn ethod ofthe s urfa c e1:ernper atu r eat.the;ndividu alpJa 亡e.
1 Intr od11 Ctio n
Not afew pre sent e arth obs e rv atio n system willprovide
n ot o nly the sateLFite r adianc e(Lev e一 1)pr odu ct but
also the physical v ariable s(Higher order)produ ct s uch
a sthe 5U rfa c e r efae ⊂ta n c e
,
e missivity orte mperatu r e a s
the st a ndardproducts_ Fo r su ch kinds ofprodu cts, the
e stablishm entofthe validatio ns cheme w川 beim po rtant
a s w ella sthe esti血atio n algorithm deveLopm e nt. In this
study.the v alidatio n s chem eforthe surfa c ete mpe r atu r e
pr odu ctis establ;shed,
2 Brief de 5 C riptio m ofthe s u r-
fa c et.e mper at ur e val idatio n
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Figll r e1: Flow ofthe s ll rfa c ete mperatllr eValidatio n
Figu r e1 sho w sthe flow ofthe s u rfa c etem pe r atu r e v aト
idatio n schem e. T he o utput ofthe s che m e a r ethe a r e a
a v er aged s LJ rfa c et e mperatur e a nd its e rr o rbar. W hile
the s atellite de riveds urfa c etem perature.is akind ofthe
average tem pe r atu re o v e rthe lF O V, the gro u nd m ea-
s u re m e nt has tobe don e at the m ultlPfe points within
the target a r e a which a rea sizeislargerthan the [F O V
be c a u s e ofthe po orge orT[etric a ⊂⊂u ra cy.
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Figll re2: s che m atic ofthe m e a s u r em nt a r eala･yo ut
Toin c rea sethe grou nd m e a su re m e nt points, ♭y bring-
Jng the the m o radio m ete r, the obse r v e r me a s ur e sthe
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surfac etem pe r atureat the m uLbple po=1tS Within the
ta rget a r e a, the se polntS a re C alled
' 'Mo ving obs e rvatio n
points
'■
.
also the surfa c et e mpe ratu re at the sa m epoEnt
is m e a su red with the sh()rttim einte rvals thisis ca‖ed
” Fix ed obs er v atio npoint
' '
. T he m e as u rem e nt tim e at
e a ch Moving observ ation point a re diffe rent fronl the
satellite pa ssingtim e,So thetinl e Shiftpr oce sing ofthe
e a ch m o v l ng Obse rvationdata to e stim atedthe s urfac e
te mperatu r e of ea ch m o vlng Obse r v ation point at the
s atellite pa ssJng tim e. Fr o nl the s e s u rfac etemperature
dataset, the ar ealave r agedte mpe r atu reis c o mputed.
3
.
T he r m o r adio m ete r
3. 1 Self- c o mpe n s ated
tIler m O r adio m ete r
T heindu strialther mo r adio meterhas the wide dyna mic
ra nge 5 0thatit ha spo ora c cur acy, For the en viro n-
m en tal m e a s u r e mn t, the industriaE the rm o radiom eter
m u stbe c alibrated at thefieLd, AEs otheindu strialthe r-
m o r adio m ete rha s n a rr o wF O V. s o that the m easured
te mperatu re oftenflu ctu ated withthe m easu re m e ntge-
o m etry. Forthe accurate s u rfa c ete mpe rature me a su r e-
m e nt a ndthe c on venie n c e ofthel
=ieldm e a s u rem e nt. the
wide F O Va ndselfco mpe n s atedther m oradio m eterhad
be e nde sign ed[1】,
Radiatio n
¢
Dete cto r
(工Rt /c)
Pr e - a zTEP ,
A/D c o n y
Figu re3こ b血e l- 1aもic ofthe s elトco mpe n s a･ted the r
-
m o r adio m eもe r
The m ain ca us e of the
.
outputdrift ofthe ther n ora -
dio m eteris the o utp口tdriftofthe analogue devices su ch
asthe dete cto r, a mplifier a nd A/D c onv erte rrelatedto
the device tem pera t u re flu ctu atio n. T he te mperatu r e
ofe ach a nalogue devices ofthe sel kom pensatedthcr-
m o radiom eter a re m e asured and these tem perature a re
u s ed for the m e as u red radiation t e mper at ure co mpen-
satio n. From the the( m al te st bfthe ea ch a nalogue
devices- the ⊂c mpe nsatio nfor m ulajs defined asfoHow s.
T - cdetOde土 ＋ ca 叩 Oa m p ＋ cadOad ＋ cdTd ＋ co (1)
whe r eT. c, e and Td are the co mpe n s ated tem pe ra-
tu re.,c o efficen
t
,
a n alogu ede vic etemperatu re and de-
te cted radiatio ntempe ra t ur e, als othe sufFxesdeモ. a7nP
a nd ad sho w the dete ctor, the a mp‖fier a nd the A/D
co n ve rto r. Thelatest a cc ura cy ofthe selトc o mpens at ed
thermoradio m eteris about 0.32[deg･ q･
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Figtlr e4: Co mpa ri8 0 nbetw e e nthe a ctu aland co m -
pe n sa,ted te mpe r atll re Ofthe 畠elトc o mpen8 ated theト
m o r adion eter,
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Figtl re5= Relativ e r e spo n s e ofthe s elトcom pe ns ated
tll e r m O rb.diom ete r.
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3. 2 Ac七ual s u rfa ce te m pe r atu r e m e a-
s u r e m e nt llSing c o nca v e mir r o r
T he therm o radio m eterhleaS ure Sthe brightTleSS tempe r-
atu ree xpressed a sfollows.
B(Tb)- EB(Ts)･(1 - E)芸 (2)
whereB , T b, Ts, e a nd Fa re average Pla n ck fu n c-
tion, brightn e s stem pe ratu re, surface te mpe rature- a v
-
erage su rfac e emis sivity a nd do wn w ard atm o sphericirr a
-
dian c e. To obtain the S u rface radia nc efr o mthe ♭right-
n
,
esstemperat u re , emis sivity a nd atm o sphe ricirradia n c e
hav eto be me a su red o r ⊂o nlPuted but these are c o stly
and not so ac c u r ate .
Rad io n ete r
Mir r o r
Su rfa ce
FigtLre6: Sche ma.tic ofthe a ctllalsll rfa c ete mpera.tu r e
n e aBtl r e n en七
By us[ nS the conca v e mirror, bec a u s eofthe m ultiple
r efle ctio n the ap pa re nt s u rfa c e e missivity be c o nle5 aト
,
m o st unity[811 ln the c a-s ethat a 5 e mi七 phe ric al mirror
LS u sed., the brightn es stem peratu rem e a s u redfro mthe
5n all hole at the top ofthe mirr orT b
I
C an be e xpressed
asfo】o w5【21.
B(T b
'
)
1 - (1 - EB)(1 1 e2)
L
1 - (1 - Es)(1 - E2)
(3)
E2 - 競 (4)
_ T ー _三聖二三望些Es B(Ts)
whereE
e
a nd Tare the bL]lke mis sivity ofthe m;r ro r
andthe mirro r te mpe r atu re, Fro mthe abo v e equatio n s.
the difFere r)ce between the obs e r v ed te mpe rat ure a nd
the actual surfac e te mpe ratu reis C o mputed fro m the
v arious su rfac e e missivity a nd mirr o rte mperatu re . T he
re sults a re sho w n a sfo一lo w s. rfpol了shed stainles s sted
mirror(bu(kemissivity is
.
aro u nd O･2)is u s ed and the
diffe re n c ebetw een the m lr rO rte mpe r ature a ndthe s uト
face te mperatureis 5【K]r the m e a sur em en te rr o r
.
isle s
than 0.1rK]u nderthe C a s e whichthe su rfac e e m JS Sivity
isla rger than about 0.9 .
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Figtl r e7: Sim ulatio n r e sults ofthe 畠tlrfa c ete mpe ra,I
tu r e m e a Bur e ne nt e r r o r. Up per: v ariotlS mir r o r七e m -
peratu r e c a s e(b ul ke missivityis O･3)･ Lo w e r : v a rio llS
bulkemi8Sivity c as e(mir r o rte mpe r atu r ei8 T8 ＋ 5
料)･
4 D ata pr o c e s sing
4= .1 T im e shiftpr o c e s sing
Ea ch su rfac ete mpe r atu r e obs e r v ed at the m oving ob-
s e r vatio n
.
point
‾
(cf･ Figure2)is a cquir ed at the in -
dividu al b m e, But forthe c o mputatio n of the a r e al
a v e r age s u rfa c ete mperatu re, T he s u rfa c ete mpe r ature
at the e v e ry m o v l ng Observatio npolntS at the s atellite
pa s slng tim e must be estim atedL From the tim e s e ries
ofthe surface te mperatu re obse r v ed at thefix ed ob5 e卜
v atio n point Tf(i), the su rfac etem pe ra
.
lu r ediffe r e n ce
betw e en the obs e rvation tim eat the m ovtng obs e rv ation
poin tT
'
a ndthe satellit epassl ngt] m ei
′′
, a ndthe te m -
per atur ediffere n ceis added to the Su rfa ce te mperatu r e
at the m o vl ng Obs e r v ation poin t. Fo rthe te mpe r atu re
diffe re n c e c om putatio n, thefollow lngtwo m ethods a r e
⊂o n side r ed【5].
4. 1.1 Ftl n Ction fittin g
lf･the tim e se rie s of the s u rfa c ete mpe r atu r e at the
fix ed obs ervatio n po l nt is ap proxim ated by a n ap pro-
priatefun ctio n, thefitting pa r a m et rs C a nbe defin ed by
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le a stsqua re m ethod a ndthe tempe ra t u re diffe renc ebe -
twe e na nytl m einte r v alc anbe c omputed. AEso the erro r
v arianc e Ofthe tim e shiftproc e s slng C a nbe C om puted a s
the fitting e rro r v a ria n ce, Forthe m o st sim ple c a se , the
lin ea rfitting mightbe used. ln this C a s e. the gr adient a
a nd theinte r s e ctら a redefined byFe a st squ a re m ethod
a ndthetim e shiftproc e s singbec o m e sthe nlUltlPIIC atio n
a a ndthetim einte r v al.
Tf(t) = a . t＋ む (5)
Ti(i
′′
) = a ･(i
′′
- t
'
)＋ Ti(t
'
) (6)
whe r eTi(i)1sthe s u rfa c ete mpe rat ur e at the ith. m o v-
ing observ atio npoint.
4.1 . 2 A uto regr es sio n m odel
ln the c a s ewhichthe Tf(i)c a n n ot be ap pro x!m ated by
the a nyfu n ctio n, the othe rtim e s e rie s a n alysts m ethod
ha sto be us ed. ln this study, the a uto r egr e s sio n m odel
de s c ribed below is u s ed. This modelis 1:he m osts】m -
ple a nd ha sthe pote ntial which exte ndto the m u(tlPle
v a riab一e a n alysis .
+ V
Tf(ti)= ∑cj I Tf(fi- ,･) (7)
j- 0
where *i a nd cj a re the ith1 Observatio ntim e at the
fixed obse rv atio npo l nt a ndthe c oefRcient･ T he s e c o ef
-
ficie nts are defin ed fro m le ast squ are method. ALsoin
this ca se , the e rr or va ria n c eofthetim eshift pro ⊂e ssl ng
can be c o mputed a sthe regres sio n erro r･
t)
llm e･ shlftproces slng
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Figu r e8= Sche matic ofthe tim e shift pr o c e 88ing･
4 .1 .3 Er ro r propagatio n
Along withthe both tim eshift pr o c e s sing, the s u rfa c e
t em pe r atu reobs e r v atio n e r ro rpr opagates to the tim e
shifted surfa ce te mpe rature a 5foHo w s･
qも - a.?＋ q芋 (8)
whe re q気. q? and qI
2
are e rr or v a riance ofthe tim e
shifteds urfa c etem peratu reatith･ m oving obs ervation
point. r egre s sion(f[ting o rauto regr es sion modeE c o-
effice ntdefinition)erro r a nd m ea s u r e m ent error ofthe
therm o r adio mete r.
4.2 Ar e a a v e r agi ng Of t he s u rfa c ete m -
pe r atu r e
4 .2.1 A v e r aglng s che m e
Fr om the tim e shift pro c e s slng- the surface te mpe r a-
ture at e v e ry m ovlng Obs e rv ation po lnt at th巳 S ate”ite
pa s sing tim e. Fro m the s edata, the area a ve raged su r-
fa c ete mperatu r eis c omputed ba s ed o n the radianc e
av e raging【4].
i -[よ草qTll
l'4
-[妄草#]
1'4
(9,
whe re Ti i and q arethe tim e - shifted su rfa ce t引Tト
peratu re at pointi, a v e r aged s urfa c ete mperature a nd
stefa n -Boltz mann c o n s t a nt(5.6 7×10
- 8[w/m 2/K 4】).
4.2 .2 Er r o rpropagatio n
By a v eraging the surfa ce te mper atu r e at e ve ry m OVl rlg
obs e N atio npol ntS, the s u rfa c ete mperat u re obs e rv atio n
e rr o rpr opagate stO the area av e r aged surfac e 1:empera-
tu r e a 5fotlo w s【7】.
q
ri
- 4Ti
3
qTi
O
l
兄 = 宗主qr2i
qT
- 箸[妄iTi4]
-'3/4'
(1 0)
a
.茎is the er ror varia nc e ofthe a r e al a v e raged s u rfac e
te mpe ratur e.
4.3 Spatial n n c e rtain七y
W h”e the pointlng a cc ura cy Of sateILite data is about
o n etenth pixel orde r. the obse rvation area mLJ St be
Largertha n the pix el si2
r
e . The ar ea a ve raging m ade
eve ry pLXelsiz e windo w within the obs e rv atio n are a. and
the v a ria n ⊂e which C o mputed fro m the aH a r e a v e raged
s u rface tem pe ra ture C om puted fro m the e v e ry pix els
I
LZe
window is the spatial u n c ertairlty Ofthe a r ea a v e raged
surfa c ete mpe ratu r e. So that the totaLe r r o rvaria nce of
the a r e a a v e r aged s u rface te mpe rature
l
LS expr e ss ed a s
fol一ow s.
ヰ - o･;＋ o･s2 (l l)
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whe re a.峯 and o･誉 are the tota[ e rror variance and the
spatial unc ert ainty va riムn⊂e.
pix cl siz e
0 0
Obs e r v atio n a r e a
Figu re9: Schem aticdescriptio n ofthe spatiallln CCr-
tainty.
5 Actu al data pr o c e s sing of
丘eld m e a s u r e m e nt data
5.1 De s c riptio n of the 丘elda nd in st ru -
m e nts
Site: Railroad playa(drylake bed)N V
● Latitude:3 80 27.7 015
1 '
N
･ Lo ngitude: 1 15
0 4 1.45 0 0
” w
Date: ll+O n e2 0 0 0. l l:2 0 - 12:1 0P D T
T む get Se n s or: Te n
,
a/A S T E R
(overpa sstim e :l l:4 9P D T)
In stru m e nts ;
the r m o radio m ete r(with ｡ o n ｡ a v e mi;r o r)
● Self< o mpen sated therm o radio mete r メ 2 for
the m o ving obs ervation . (Measu r e m e nt e r or
standard de viatio n:0 .3[K])
● HorubaLT-3 4 0W for theflX ed obse rvatio n
J P Lm ete
.
o r ologi｡ alstatio n(W ind speed･ winddi-
re ctio n, a irte mper atu r e a nd r elative hu midity)
Fixed point obs e rv ation : Ev e ry2 min utes withthe
5ingle point ⊂alibr at‡o n(usingthe portable bFack-
body)【3, 6】
M ovin g obse rvatio n points:
Are a: 200m x 20 0m x 2(2 5m shifted)
Pointdistan c e:50m
Nu mber ofpo lntS:25 × 2
25 m
Fix ed ob昌8 r V a tle n
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Figu r e10: O bs e r vatio n site
5.2 Re s 11ts
5.2 .1 Stufa ce te n perat.T UB
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Figllr el l: Fixed and m o v ing Ob6 e r V a.tion point stlr-
faLC etem Perah r e･
Fr om thefixed obs e rv atio ndata
,
the tw okinds oftim e
shiftpr o c essing.1in e a rflttingand3rd. o rde r a uto r egr e s-
sio n m odelare m ade a ndthe bothr e s ults a r e alm o st the
s a m e so that the lin ea rfh=ting l S u sed. T he tim e s捕t
pa r a m et rs arelisted a sfoElow s.
Tempe r atu r e gr ad ie nt: 0 . 0 7 4 0[deg . C/min]
Er r o rS ･I)A of f it ting: 0 ･5 0 0[deg . C]
Tota1 匂r r O rS ･ D ･ : 0 ･ S 83[deg . C]
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Along withthe abo ve tim e shiftpa ram ete r s, the s u rfa ce
temperatu r e at the satellite passingtim eis c o mputed a s
follo w s.
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Figu r e12: Sll rfa c ete mpe ratll r edistribtltion at ll:49
T here a r e3 6pixelsize(1 0 0m x1 0 0m)windo w s within
the obse rvatio n a re a,the n extfigure show sthe a v e raged
su rfa c!tem peratu re atev ery window ･ T he s tanda rd de
-
viation of a” ofthe a rea a verag d s u rfa c ete mperatu r e
(spatialu n ce rtainty)is O･2 1 4[deg･ q
49.
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Figllr e13= Ave r aged s u rfa cete mpe ratu redistributio n
at l l:49
T he a v e r ageds ur烏c ete mperatu refrom the allm ovlng
obs e r v atio ndat ais 4 9･2 6[deg･ q･ And the total s ur
-
fa ce t e mpe ratu re obse rv atio ne rr orStanda rd deviationts
0 .2 15【deg･ C】･
6 Su m m a rie s
T he pre vio u sdiscusionleads thefollo w l ng Su nlm a rie s･
Fo rthe sate”ite deriv ed su rfa c ete mperatu r e v alidatio n,
the gr o u nd m e as u re me nt m ethod a nd data pro c e s sl ng
m ethod a re e stablished. Fro mthis the syste ma tic vaト
idatio n win be po s sibLe . Fo r m o r epre cis e a nd v ers atiLe
v alidatio n, thefollowlngfuture w o rks a re ⊂o n sider ed･
｡ Stabilization of the s eEf･ -co mpe n sated therm ora-
dio meter.
● Bia s err o r e sl:im atio TI Ofthe mirr o red51Jrfac etem -
pe rature m easu rem ent o nthe ba sis ofthe mirror
ternperal:u re m e a5 u rem ent･
･ Optimization ofthe auto regr早SSionbasedtim e shift
pro ⊂es5.
ing(the o rde rofthe a u
.
t or
.
egre ssi?n s eries
a ndthe exte n sio nto mo r eprec ISetlm e S erlS an aレ
ysis m ethod).
｡ Establishm ent ofthe co m paris on betw e enthe5a tel-
Eite derived andgro u nd m easur ed su rfac e t e mpera
-
ture.
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